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Abstract
Joint effusion is diagnostically important. The canine carpal joint effusion, which is 
sometimes difficult to detect clinically, has received less attention in diagnostic ultra-
sound (US) studies. The aim of the present study was to provide a description of the 
morphological appearance of the canine carpal joint cavities and recesses using US, 
radiography, helical computed tomography (CT) and three- dimensional volume ren-
dering technique (3D- VRT) images and to prove the applicability of musculoskeletal 
US for the detection of artificial carpal joint effusion in dogs. The understanding of 
the characteristics of these structures in normal patients is essential in the diagnosis. 
Twenty- eight clinically and radiologically unremarkable canine carpal cadavers of dif-
ferent breeds were examined, representative images were selected and anatomical 
structures were labelled. The canine carpal joint cavities and in particular its recesses 
had	a	complex	appearance	with	a	basic	structure	found	in	all	dogs:	Antebrachiocarpal	
joint: dorsoproximal antebrachiocarpal recess, dorsodistal antebrachiocarpal recess, 
medial antebrachiocarpal recess, lateral antebrachiocarpal recess and five palmar an-
tebrachiocarpal recesses. Middle carpal joint: two dorsal middle carpal recesses, me-
dial common middle carpal and carpometacarpal recess, lateral common middle carpal 
and carpometacarpal recess, four palmar middle carpal recesses. The carpometacarpal 
joint had dorsal and palmar funnel- shaped and irregular, finely tubular extensions, the 
most prominent ran dorsal to metacarpal III, the maximum distal end represented the 
proximal	metacarpal	diaphysis.	All	recesses	presented	ultrasonographically	as	a	gen-
eralized anechogenic to hypoechoic filled continuation of the articular capsule with 
an indistinct peripheral hypoechogenic to isoechogenic fine capsule, the synovial- 
connective tissue interface was difficult to identify. The novel results of this study 
provide the first morphological description of the ultrasonographic, radiographic and 
computed tomographic arthrographic appearance of the canine carpal joint cavities 
and recesses with different injection volumes. The canine carpal joint cavities and 
in particular its recesses had a complex appearance with a basic structure found in 
all dogs. The applicability of musculoskeletal US to visualize an artificial carpal effu-
sion has been demonstrated. The results of this study, and in particular US, give the 
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1  |  INTRODUC TION

The canine carpus with its seven carpal bones, arranged in two rows 
and held together by a multitude of carpal ligaments, is a complex 
joint and functions as a ginglymus (Yalden, 1970). These structures 
can be damaged by many causes and lead to forelimb lameness 
(Marcellin- Little & von Pfeil, 2020).

Traumatic hyperextension is a common injury and often results 
in multiligamentous pathology (Bristow et al., 2015), the radiocarpal 
and the carpometacarpal joints are most commonly involved (Denny 
& Barr, 1991; Parker et al., 1981).	 Fractures	 (DeCamp	 et	 al.,	 2016; 
Johnson, 1987; Li et al., 2000) and soft tissue diseases like carpal sprain 
injuries (Guilliard, 1997; Guilliard & Mayo, 2000) are described. Rare 
diseases are the neurofibroma of the ulnar nerve in the carpal canal 
(Basa et al., 2020) or the solitary osseous plasmacytoma of the second 
and third carpal bones (Reising et al., 2021). Interest in canine carpus 
research	is	diverse	(Adams	et	al.,	2005). Experimental cadaveric studies 
of the carpal hyperextension complex are described with regard to the 
kinematics of the antebrachiocarpal joint, the palmar radiocarpal liga-
ment and the palmar ulnocarpal ligament (Milgram et al., 2019; Neville- 
Towle et al., 2018). Several surgical treatment options have been 
investigated, including partial carpal arthrodesis and panarthrodesis 
(Haburjak et al., 2003; Jerram et al., 2009; Parker et al., 1981; Théoret 
& Moens, 2007; Willer et al., 1990). The diagnostic workup of canine 
carpal lameness is classically based on orthopaedic and radiographic 
examinations, including stress radiography techniques as well as ar-
throcentesis and are sufficient in most cases to achieve an accurate 
diagnosis	(Farrow,	1982; Marcellin- Little & von Pfeil, 2020; Tobolska 
et al., 2020). Injuries or mild loss of mineralized bone may be difficult 
or impossible to detect radiographically, direct visualization of soft tis-
sue opaque structures such as cartilage or synovial fluid cannot be ob-
tained in radiography with only periarticular and subchondral changes 
discernible	(Allan	&	Davies,	2018).	Arthroscopy	of	the	antebrachiocar-
pal joint is described as a useful adjunct to standard diagnostic mo-
dalities (Warnock & Beale, 2004). US is described for the anatomy of 
the dorsal (González- Rellán et al., 2021) and palmar region (González- 
Rellán et al., 2023) or in the case of stenosing tenosynovitis of the ab-
ductor pollicis longus muscle (Hittmair et al., 2012).	Advanced	imaging	
such as magnetic resonance imaging (MRI) is used for carpal ligaments 
visualization (Castelli et al., 2019; Nordberg & Johnson, 1999) or for the 
diagnosis of the avascular necrosis of the intermedioradial carpal bone 
(Pownder et al., 2016). CT arthrography improves soft tissue differen-
tiation and has successfully used for enhancing the appearance of the 
feline carpal ligaments (Basa et al., 2022) or as usuful adjunct to surv-
ery CT to find a diagnosis in the canine shoulder (Eivers et al., 2018).

Joint diseases are often associated with increased joint fluid 
in response to injury or inflammation (Rondeau et al., 2005; 
Vaughan, 1985). Immune mediated arthritis and its subtypes are a 
common form of carpal arthritis (Shaughnessy et al., 2016). Joint 
effusion with arthrocentesis and synovial fluid examination plays a 
key role in further differentitation and classification of joint disease 
(Harris & Santangelo, 2020). However, joint effusion can be difficult 
or even impossible for the examiner to detect clinically (Rondeau 
et al., 2005), which may influence the decision to use arthrocentesis 
in everyday clinical practice. The physiological carpal synovial vol-
ume	 is	described	as	a	drop	of	up	to	1 mL	 (Clements,	2006; Cowell 
& Valenciano, 2014; Whitelock, 2001), canine carpal joint fluid or 
effusion has received less attention in diagnostic ultrasound studies. 
In horses, joint effusion can be reliably diagnosed by ultrasonogra-
phy (Beccati et al., 2015). Morphological and imaging studies of the 
carpal	 joint	cavity	in	horses	(Ford	et	al.,	1988; Gerdes et al., 2022; 
Getman et al., 2007; Gray et al., 2013; McQuillan et al., 2022; Suarez 
Sanchez-	Andrade	 et	 al.,	 2018; Tnibar et al., 1993) and donkeys 
(Alsafy	et	al.,	2015; El- Gendy et al., 2020) are described in various 
ways. In dogs, there is no imaging study with description of the car-
pal joint cavity and its recesses in healthy dogs, ultrasonographic 
studies on carpal joint effusion are lacking. Therefore, the aim of the 
present study was (1) to provide a description of the morphologi-
cal appearance of the canine carpal joint cavities and recesses using 
US, radiography, helical CT and 3D- VRT arthrography images, (2) to 
prove the applicability of musculoskeletal US for the detection of 
carpal joint effusion in dogs.

2  |  MATERIAL S AND METHODS

The	 study	 design	 was	 prospective	 and	 descriptive.	 A	 structured	
flow chart with a detailed description of materials and methods is 
shown in Figure 1.	All	dogs	used	in	this	study	were	dead	due	to	other	
reasons unrelated to this study, the owners have provided the dogs 
for teaching and research purposes. The study was conducted in ac-
cordance with the local legislation, all procedures were performed in 
accordance to animal care committee requirements.

2.1  |  Canine carpal cadavers

A	 total	 of	 38	 canine	 carpal	 cadavers	 from	 19	 dogs	 of	 different	
breeds were collected. Carpal cadaver processing procedure: 
after an unremarkable orthopaedic and radiographic examination 

practitioner an advantage in visualizing joint effusion and assist in the decision to 
perform arthrocentesis.

K E Y W O R D S
arthrography, canine, carpus, computed tomography, joint capsule, ultrasound
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in two planes, the forelimb was dissected proximal to the elbow, 
tightly placed adhesive tape prevented air entrapment and slip-
page of soft tissue structures distally (Figure 2). Due to continuous 
hospital operations and available refrigeration and storage facili-
ties,	freshly	collected	limbs	were	stored	frozen	(−12°C)	for	a	maxi-
mum	of	 2 weeks.	 The	 hair	was	 carefully	 clipped	 from	 the	 entire	
carpus	and	the	skin	was	washed	with	soap.	After	thawing	to	room	
temperature, each carpus was radiographed again in two planes 
and examined by US and CT to rule out musculoskeletal disorders, 
particularly soft tissue damage or air entrapment during freezing 
and storage.

2.2  |  Arthrocentesis and arthrography

Arthrocentesis	 and	 arthrography	 were	 carried	 out	 on	 the	 ante-
brachiocarpal joint and the middle carpal joint, but not on the 
carpometacarpal	 joint.	 A	 puncture	 of	 the	 carpometacarpal	 joint	
was not performed due to the described connection between the 

middle carpal joint and the carpometacarpal joint (König et al., 2007; 
Salomon, 2020).

Arthrocentesis	was	performed	flexed	using	anatomical	 land-
marks (Vollmerhaus, 2007) under fluoroscopic guidance. The 
puncture	of	 the	antebrachiocarpal	 joint	was	performed	3–5 mm	
distal to the trochlea of radius at the lateral edge of the tendon 
of the extensor carpi radialis muscle and medial to the accessory 
cephalic vein. The needle was inserted vertically through the skin 
and advanced obliquely in a mediopalmar direction. The punc-
ture	of	 the	middle	carpal	 joint	was	performed	2–4 mm	distal	 to	
the joint edge of the intermedioradia carpal bone, at the lateral 
edge of the tendon of the extensor carpi radialis muscle and me-
dial to the accessory cephalic vein. The needle was considered 
to be safely intra- articular if the bevel of the needle was in the 
respective	centre	of	the	joint	space.	Aspiration	of	synovial	fluid	
before	the	first	contrast	agent	(CA)	injection	was	performed	and	
recorded.

For	 arthrography,	 the	 non-	ionic,	monomeric,	 triiodinated,	
water-	soluble	 CA	 iohexol	 (Accupaque	 300,	 GE	 Healthcare	

F I G U R E  1 Flowchart	materials	and	methods.	ABCJ:	antebrachiocarpal	joint;	CA,	Contrast	agent;	MCJ,	middle	carpal	joint;	3D-	VRT:	
Three- dimensional volume rendering technique.
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Buchler GmbH & Co. KG, Braunschweig, Germany) was diluted 
by 50% with saline solution for an iohexol concentration of 
323,5 mg/mL,	 which	 corresponds	 to	 a	 bound	 iodine	 concen-
tration	 of	 150 mg	 iodine/mL.	 CA	 concentration	 was	 based	
on veterinary and human reference values to avoid beam 
hardening (Castelli et al., 2019; De Rycke et al., 2015; Moser 
et al., 2007; Samii et al., 2009).	 The	 diluted	CA	was	warmed	
up by hand to body temperature for better viscosity. Under 
fluoroscopic	control,	0.5 mL	of	diluted	CA	was	 injected	 three	
times into the antebrachiocarpal and middle carpal joint using 
a	27 g	needle,	six	graded	joint	fillings	were	created.	After	each	
injection, the carpus was flexed and extended for 100 times 
to	 ensure	 adequate	 CA	 distributation,	 radiographic	 control	
for extraarticular contrast leakage and contrast distribution 
in a dorsopalmar and mediolateral view was performed and CT 
and US images were acquired. Joints with extravasation more 
than the needle tract with a small drop- shaped extraarticular 

leak were excluded. Contrast injection was discontinued as 
soon palpable resistance was sensed during pressure on the 
syringe plunger or contrast backflow was identified on fluo-
roscopy. Twenty- eight canine carpal cadavers from 14 dogs 
(7 bitches and 7 dogs; age in years: 1–12, ∅ 8,05; size in kg: 
22–40, ∅ 30,1) met all the inclusion criteria for examination 
and data collection: no previous venous catheter in the fore-
limb,	 freshly	 dead,	 body	weight	 over	 20 kg,	 carpi	 were	 pres-
ent in pairs, orthopaedic, ultrasonographic, radiographic and 
computertomographic examination without evidence of mus-
culoskeletal respectively soft tissue disorders in the carpal 
region	or	 severe	extravasation.	All	 dogs	were	 companion	an-
imals, neutered, and the breeds included three crossbreeds, 
two German Boxers, two Golden Retrievers, a Labrador 
Retriever, a Hungarian Short- Haired Pointer, a Siberian Husky, 
an Entlebucher Mountain Dog, a German Shepherd, a Border 
Collie and a Doberman Pinscher.

2.3  |  CT examination

All	 examinations	 were	 performed	 with	 the	 64-	slice	 helical	 CT	
scanner	SOMATOM	Definition	AS,	CT070/13/S,	from	Siemens	AG	
(Siemens Healthcare GmbH, Erlangen, Germany) with parameters 
of	 140	mAs,	 120 kV,	 512 × 512	 image	 size	matrix,	 0.6 mm	 recon-
structed	slice	thickness,	0.6 mm	reconstruction	intervall,	rotation	
time	0.5 s,	field	of	view	as	small	as	possible,	but	as	large	as	neces-
sary and kernel settings of B30s and B70s for all acquired data. 
Each carpus was positioned in head- first prone position on the 
CT table. The region of interest was set using a topogram and in-
cluded the region from the distal third of the antebrachium to the 
middle third of the metacarpus. The canine carpus DICOM (Digital 
Imaging and Communications in Medicine) studies were multi-
planar reconstructed in transverse, sagittal, and dorsal planes 
at syngo CT Workplace (Siemens Healthcare GmbH, Erlangen, 
Germany), the colour image creation of the 3D- VRT (standard 
presetting: osseus transparent metal, Siemens Healthcare GmbH, 
Erlangen, Germany) was used for visualization of the joint capsules 
and recesses. The following data were collected: start/attachment 
of joint capsule, number of recesses, localization of recesses, 
shape of recesses, extension of recesses, anatomic relationship 
and	distribution	pattern	of	CA.

2.4  |  US examination

The carpus was systematically divided into four surfaces in dorsal, 
palmar, medial, and lateral and examined ultrasonographically in 
transverse, sagittal and oblique planes from the distal third of the an-
tebrachium to the proximal third of the metacarpus by a wide- band 
interoperative linear array transducer (L8- L18i- D Hockey Stick Probe, 
GE Healthcare, Solingen, Germany) without a standoff pad at an US 

F I G U R E  2 Cadaver	preparation.	The	forelimb	was	dissected	
proximal to the elbow (a), tightly placed adhesive tape prevented air 
entrapment and slippage of soft tissue structures distally (b).
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frequency	of	15–18 MHz.	Each	carpus	was	examined	before	and	after	
each	injection	of	CA.	The	following	data	were	collected:	start/attach-
ment of joint capsule, number of recesses, localization of recesses, 
shape of recesses, extension of recesses, anatomic relationship, distri-
bution	pattern	of	CA,	echogenicity	and	pattern/structure.

2.5  |  Evaluation

All	radiographic,	computed	tomographic,	ultrasonographic	and	3D-	
VRT images and recorded data were evaluated and compared. The 
results and anatomical structures were compared with the literature 
(Entani et al., 2022; González- Rellán et al., 2021; González- Rellán 
et al., 2022; Hermanson, 2013;	Mikić	et	al.,	1992). Image viewing and 
analysis were performed and generated using medical imaging soft-
ware Horos™ (version 3.3.6, http:// www. horos  proje ct. org/, open 
source, © 2022 Horos Project). Scan plane, window level and width 
and the zoom within the individual imaging study could be modified.

3  |  RESULTS

The results of this study provide a morphological description of the 
arthrographic findings on US, CT, and radiography of artificially in-
jected canine carpal joints and comprise the images presented in 
Figures 3–16.	 All	 14	 dogs	 showed	 for	 all	 modalities	 the	 same	 basic	
pattern in all carpi without side differences and sufficient opacifica-
tion	with	0.5 mL	injected	CA	in	the	antebrachiocarpal	and	middle	carpal	
joint. The amount of synovial fluid presented in the joints before the 
CA	injection	was	not	visualized	ultrasonographically,	radiographically	
and computed tomographically. The aspirated volume of arthrocen-
tesis	from	the	antebrachiocarpal	and	middle	carpal	joint	was	≤0.1 mL.	
Ultrasonographically, each carpal joint capsule had a heterogeneous 
echogenic appearance and were confluent with the articular bone sur-
face (Figure 14b/2), the synovial- connective tissue interface was indis-
tinct to identify and the joint capsule fused with the echoes of adjacent 
soft tissue (Figure 14b/3).	All	carpal	recesses	presented	as	generalized	
anechogenic to hypoechoic (Figure 14b/1) filled continuation of the 

F I G U R E  3 Radiographic	and	fluoroscopic	(inverted)	images	of	the	arthrogram.	0.5 mL	CA	was	injected	with	a	27 G	needle	in	the	
dorsal and flexed approach into the antebrachiocarpal (a) and middle carpal joint (b, c). Opacification of the joint cavity on the dorsal and 
palmar	side	confirmed	adequate	CA	administration	(arrowhead).	Please	note	the	absence	of	communication	between	the	radiocarpal	and	
middle carpal joint. (c) The needle was safely intra- articular if the bevel of the needle was in the respective centre from the joint space. (d) 
radiographic	control	for	extraarticular	contrast	leakage	and	CA	distribution	in	the	second	plane.	Please	note	the	carpometacarpal	joint	cavity	
irregular appearance and the always distal extending and attaching to the proximal metacarpal bones at varying heights (arrowheads); the 
palmar recess of the middle carpal joint extended to the carpometacarpal joint I (arrow).

 14390264, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ahe.13026, W

iley O
nline L

ibrary on [03/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.horos
http://project.org


6 of 14  |     KLUSSMANN et al.

joint capsule with an indistinct peripheral hypoechogenic to isoecho-
genic fine capsule (Figure 14b/5). The basic pattern was as follows:

3.1  |  Antebrachiocarpal joint

The antebrachiocarpal joint showed no synovial communication with 
the middle carpal joint, which always showed synovial communica-
tion with the carpometacarpal joint (Figure 3a,b).	0.5 mL	CA	filling	
of the antebrachiocarpal joint appeared first palmar (Figure 4) with 
a palmarolateral tendency (Figure 4a/1) as well as thin dorsoproxi-
mal (Figure 4a/2) and dorsodistal (Figure 4b/5).	Then	with	1.0 mL	CA	
filling palmaromedial (Figure 4c/3) and thicker dorsal (Figure 4c/4), 
1.5 mL	CA	filling	resulted	in	generalized	joint	filling.

The antebrachiocarpal joint capsule released dorsal two map- like 
recesses. The dorsoproximal recess (Figure 5a- c/2) started broad- 
based at the craniodistal edge of the radius, filled completely the 
groove of extensor carpi radialis (Figure 5a/1) below the extensor 
carpi radialis longus et brevis muscle (Figure 5a/3) and ended at the 
level of the epiphyseal line (Figure 5c/I). The groove of extensor 
carpi radialis, the extensor carpi radialis brevis muscle and the dorsal 
antebrachiocarpal fat pad with its triangular shape proved to be a 
quickly found dorsal landmark (Figure 15 and 16). With increasing 
volume, the anechogenic joint filling between bone and fat pad can 
be traced (Figure 16b/3- 4), which is compressed and displaced dor-
sally out of the bone bed (Figure 16b/2).

The dorsodistal recess (Figure 5a- c/4) started at the cranioprox-
imal edge of the intermedioradial carpal bone and covered it mostly. 
The dorsoproximal and dorsodistal recess confluenced to form the 
smaller drop shaped medial recess (Figure 5b/5) at the level of the 

medial styloid process and the larger lateral recess (Figure 5b/6), 
which is squared and completely adjacented to the ulnar carpal 
bone. The palmar recesses showed a shape variance from teardrop- 
shaped (Figure 14b/1) to sac- like or irregular mushroom- like with a 
basic pattern of at least five recesses (Figure 9/3- 7), one irregularly 
branched recess proximomedial to the radius (Figure 6/1), three fur-
ther recesses proximolateral in the triangle of radius, ulna and ac-
cessory carpal bone (Figure 6/2- 4), always one distolateral recess is 
located distal to the accessory carpal bone (Figure 6/5). There was 
CA	filling	of	the	distal	radioulnar	joint	(Figure 4a,b/5).

3.2  |  Middle carpal joint

The middle carpal joint was always associated with the carpometa-
carpal joint (Figure 3a,b).	Tendency	of	CA	distribution	was	not	evi-
dent with certainty and the gradual volume increase led to more 
distension and generalized joint filling without a clear dominating 
shape. The dorsal middle carpal joint capsule began at the dorso-
distal edge of the intermedioradial and ulnar carpal bone, continued 
circularly medially, laterally and palmarly, and ended at the dorso-
proximal edge of the distal carpal bones (Figure 7a,b/arrow heads).

In the triangle of the intermedioradial carpal bone, the ulnar car-
pal bone and the carpal bone IV, there was a dorsal overlap of the 
dorsodistal antebrachiocarpal recess and the middle carpal joint in 
neutral (Figure 8/1- 2) and slightly flexed position (Figure 9/arrow 
head).

There were always two dorsal middle carpal joint recesses, one 
extended from the distal edge of the intermedioradial carpal bone 
and covered completely the proximal half of the carpal bone III 

F I G U R E  4 Distribution	of	CA	of	the	antebrachiocarpal	joint	with	increasing	CA	volume.	The	middle	image	(b)	shows	a	lateral	VRT	3D	
image	of	a	canine	carpal	arthrogram	with	0.5 mL	CA	filling,	the	white	dashed	line	indicates	the	level	of	the	transverse	CT	arthrogram	images	
with	0.5 mL	(a)	and	1.0 mL	(c)	CA	filling.	Window	(WW = 500;	WL = 2500).	(A)	accessory	carpal	bone;	(Cu)	head	of	ulna;	(Tr)	trochlea	of	radius.	
The	CA	filling	of	the	antebrachiocarpal	joint	first	appeared	mostly	palmar	with	a	palmarolateral	(1)	tendency	as	well	as	thin	dorsoproximal	(2)	
and dorsodistal (5), then thicker palmaromedial (3) and dorsoproximal (4), (5) distal radioulnar joint.
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(Figure 10a/1), the second extended from the distal edge of the ulnar 
carpal bone and covered the proximal two third of the carpal bone 
IV (Figure 10/2).

The middle carpal and the carpometacarpal joint formed a 
common drop- like medial (Figure 7a,b/4) and a lateral recess 
(Figure 7a,b/5). Proximally, the common medial recess was close to 
the distal end of the medial antebrachiocarpal recess, laterally it was 
not (Figure 10b/3- 6).

In the palmar region there were always four recesses, the 1st al-
most completely covered the carpal bone I and extended to the carpo-
metacarpal joint I without direct communication (Figure 3d/arrow), the 
2nd one was between the intermedioradial carpal bone and the carpal 
bone III (Figure 11/8), the 3rd was between the ulnar carpal bone and 
the carpal bone IV (Figure 10a/7), the 4th recess (Figure 12/7), which 
was distal to the accessory carpal bone, extended from this.

3.3  |  Carpometacarpal joint

The carpometacarpal joint filled in simultaneously with the injection 
of the middle joint.

Tendency	of	CA	distribution	was	not	evident	with	certainty	and	
the gradual volume increase led to more distension and generalized 
joint filling. The carpometacarpal joint showed an irregular appear-
ance without recognizing a constant pattern. The dorsal, medial, 
lateral and palmar joint capsule began close to the distal edge of 
the distal carpal bones, extended distally and attached to the prox-
imal metacarpals at varying levels (Figure 3d/arrowheads). There 
were no clear dorsal and palmar recesses, they appeared here as 
funnel- shaped (Figure 12/8) and irregular, finely tubular extensions 
(Figure 11/10). Some conflated, extended dorsal and palmar along 

F I G U R E  5 Dorsal,	medial,	and	lateral	antebrachiocarpal	joint	cavities	and	recesses.	The	middle	image	(b)	shows	a	dorsal	VRT	3D	
image	of	a	canine	carpal	arthrogram	with	0.5 mL	CA	filling	of	the	antebrachiocarpal	joint,	the	white	dashed	line	indicates	the	level	of	
the	transverse	(a)	and	sagittal	(c)	CT	arthrogram	images.	Window	(WW = 500;	WL = 2500).	(Tr)	trochlea	of	radius;	(Cu)	head	of	ulna;	(A)	
accessory carpal bone; (Ir) intermedioradial carpal bone (L) epiphysial line; (U) ulnar carpal bone. (1) groove of extensor carpi radialis; (2) 
dorsoproximal antebrachiocarpal recess; (3) extensor carpi radialis brevis muscle; (4) dorsodistal antebrachiocarpal recess; (5) medial 
antebrachiocarpal recess; (6) lateral antebrachiocarpal recess. Please note that in the dorsal VRT 3D image (b) the clear confluence to the 
lateral	antebrachiocarpal	recess	was	absent	due	to	low	CA	volume.

F I G U R E  6 3D	VRT	CT	image	of	the	basic	pattern	of	the	five	
palmar	antebrachiocarpal	recesses.	(A)	accessory	carpal	bone;	
(R) radius; (1) proximomedial palmar antebrachiocarpal recess, 
(2–4) three proximolateral palmar antebrachiocarpal recesses, (5) 
distolateral palmar antebrachiocarpal recess.
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8 of 14  |     KLUSSMANN et al.

the metacarpals I–V as well as in the intermetacarpal space. The 
most distal extension reached the level of the proximal metacarpal 
diaphysis (Figure 13). The most prominent finely tubular extension 
(Figure 11/9) runned dorsal to metacarpal III. Only ultrasonograph-
ically, the dorsal and palmar carpometacarpal tubular extensions 
could not be visualized distally.

3.4  |  Extravasation

CA	outside	the	joints	along	the	needle	tract	occurred,	but	did	not	in-
terfere	with	the	evaluation	of	the	images.	In	all	dogs,	1.5 mL	CA	within	
in the antebrachiocarpal and the middle carpal joint generated back 
pressure with return flow into the syringe, and in seven dogs a small 
drop-	shaped	leak	of	CA	occurred	at	the	middle	carpal	joint	when	the	
needle	was	pulled	out.	Four	carpi	with	extravasation	more	than	needle	
tract	or	one	drop	CA	 leakage	were	not	part	of	 the	study.	Two	carpi	
with a soft tissue defect due to improper storage and four carpi with 
degenerative changes were not included in this study.

4  |  DISCUSSION

The aim of the present study was to provide a description of the 
morphological appearance of the canine carpal joint cavities and 
recesses using US, radiography, helical CT and 3D- VRT arthrogra-
phy images. The novel results of this study provide the first mor-
phological description of the ultrasonographic, radiographic and 
computed tomographic arthrographic appearance of the canine 
carpal joint cavities and recesses with different injection volumes. 
The canine carpal joint cavities and in particular its recesses had a 
complex appearance with a basic structure found in all dogs. The 
previous general description from the available literature (Evans 
& de Lahunta, 2013;	Frewein	et	al.,	2004; Horowitz & Berg, 2010; 
König et al., 2007;	 Mikić	 et	 al.,	 1992) are comprehensible, but in 
comparison to the results of this study, they only describe a part of 
the complex appearance. The described wide dorsal pouch of the 
antebrachiocarpal joint and the dorsal pouch of the middle carpal 
joint	(Frewein	et	al.,	2004) are comprehensible, at the antebrachio-
carpal joint it presented as two recesses, the dorsoproximal ante-
brachiocarpal and the dorsodistal antebrachiocarpal recess, and at 

F I G U R E  7 3D	VRT	CT	images	of	the	circularly	running	middle	carpal	joint	cavity	(arrow	heads)	in	a	dorsal	(a)	and	palmar	(b)	view,	isolated	
with	1.0 mL	CA	shown.	(A)	accessory	carpal	bone;	(Cu)	head	of	ulna;	(R)	radius;	(1)	antebrachiocarpal	joint	space;	(2)	middle	carpal	joint	
space; (3) carpometacarpal joint space; (4) common medial middle carpal and carpometacarpal recess; (5) common lateral middle carpal and 
carpometacarpal recess. The common lateral middle carpal and carpometacarpal recess was incompletely filled with contrast medium, the 
common fine confluence was visible.

F I G U R E  8 Sagittal	CT	arthrogram	image	of	the	overlap	of	
the middle carpal joint with the part of the second dorsal middle 
carpal recess (1) with the dorsodistal antebrachiocarpal recess (2). 
Window	(WW = 500;	WL = 2500).	(3)	antebrachiocarpal	joint	space;	
(4) middle carpal joint space; (5) carpometacarpal joint space; (Ir) 
intermedioradial carpal bone; (McIV) metacarpal IV; (Tr) trochlea of 
radius; (IV) carpal bone IV.
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the middle carpal joint it represented as two dorsal middle carpal 
recesses. The generally described multiple recesses of the antebra-
chiocarpal	joint	(Mikić	et	al.,	1992) are in agreement with our results, 
their anatomical location, shape, and number were described pre-
cisely in this study.

Regardless of the size difference, the already described dorsal 
overlap of the antebrachiocarpal and the middle carpal joint in the 
cat (Basa et al., 2022) was also presented in all dogs. In our study, 
the antebrachiocarpal joint was always punctured first, there was no 
incorrect joint puncture of the middle carpal joint due to the dorsal 
overlap of the antebrachiocarpal joint and the middle carpal joint. In 
the clinical setting, diseased joints may differ morphologically from 
healthy joints; therefore, the dorsal overlap should be considered in 
diseased	 joints.	For	example,	only	 the	antebrachiocarpal	 joint	may	
be altered or filled and mistakenly punctured as the middle carpal 
joint or vice versa, especially if the carpus is insufficiently flexed 
during puncture.

In veterinary medicine, arthrocentesis (Torres & Duerr, 2020) 
or arthrography (Reis Silva et al., 2013) can be performed ‘blindly’ 
with anatomical landmarks. In this study, correct needle placement 
was performed using anatomical landmarks (Vollmerhaus, 2007) and 
confirmed by fluoroscopy. Three types of extravasation occurred. 

In addition to the subtle extravasation along the needle tract, which 
is interpreted for technical reasons, a small drop- shaped leak oc-
curred when the needle was withdrawn in seven dogs with an in-
jection	volume	of	1.5 mL	CA	 in	 the	middle	 carpal	 joint.	The	cause	
is not interpreted to be a malpuncture of the joint, but rather the 
pressure created due to the high injection volume. Diffuse dorsal 
extravasation and long- range contrast distribution in the extensor 
tendon sheath occurred in four study- excluded cadavers and can 
be considered as an arthrographic puncture failure. Post- mortem 
changes such as adhesions or a physiological connection would be 
other causes of direct communication between the tendon sheath 
and	the	joint	cavity.	For	safe	puncture	of	the	joint	cavity,	in	addition	
to using anatomical landmarks, it is recommended to lateralise and 
fixate the tendon structures with the fingers and to check the final 
position of the needle using US, fluoroscopy or radiography.

A	further	aim	of	this	study	was	to	prove	the	applicability	of	mus-
culoskeletal US for the detection of carpal joint effusion in dogs 
using	 three	 ascending	 artificial	 joint	 fillings.	 For	 this	 purpose,	 all	
examined dogs were clinically and radiologically normal and had no 
joint effusion. The physiological carpal synovial volume is described 
as	a	drop	of	up	to	1 mL	(Clements,	2006; Cowell & Valenciano, 2014; 
Whitelock, 2001) in the literature. In our study, the aspirated volume 

F I G U R E  9 Slightly	flexed	radiographic	
(a) and fluoroscopic (b) images of the 
arthrogram, contrast was injected with a 
27 G	needle	(n)	in	the	dorsal	middle	carpal	
joint under fluoroscopic control. There 
was an overlap (arrowhead) of the dorsal 
middle carpal joint (1) with the dorsodistal 
antebrachiocarpal recess (2). Please note 
the 5 clear basic palmar antebrachiocarpal 
recesses (3–7).

F I G U R E  1 0 Transverse	(a)	and	sagittal	(b)	CT	arthrogram	images	of	the	2	dorsal	middle	carpal	recesses.	Window	(WW = 500;	WL = 2500).	
The white dashed line indicates the level of the transverse CT arthrogram image. (Cu) head of ulna; (I) carpal bone I; (II) carpal bone II; (III) 
carpal bone III; (IV) carpal bone IV; (Ir) intermedioradial carpal bone; (McV) metacarpal V. (Tr) trochlea of radius; (U) ulnar carpal bone; (1) first 
dorsal middle carpal recess; (2) second dorsal middle carpal recess; (3) medial antebrachiocarpal recess; (4) lateral antebrachiocarpal recess; 
(5) common medial middle and carpometacarpal recess; (6) common lateral middle and carpometacarpal recess; (7) third palmar middle 
carpal recess.

 14390264, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ahe.13026, W

iley O
nline L

ibrary on [03/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 of 14  |     KLUSSMANN et al.

of arthrocentesis from the antebrachiocarpal and middle carpal 
joint	was	≤0.1 mL,	thus,	all	carpi	were	in	the	lower	range	of	the	de-
scribed reference value and had no joint effusion. This amount of 
synovial	fluid	presented	in	the	joints	before	the	CA	injection	was	not	
visualized ultrasonographically, radiographically and computed to-
mographically.	All	artificial	joint	fillings	could	be	visualized,	demon-
strating the applicability of US in the detection of artificial carpal 
effusion. This result should be transferable to clinical patients with 
carpal effusion. However, not all results from cadavers can neces-
sarily be transferred to clinical patients, it must be considered that 
the synovial volume was either physiologically low or was reduced 
by the freezing process, it is also unclear whether the freezing pro-
cess altered the fine joint capsule and recesses. Healthy carpal joints 
without a freezing process or an animal experiment are required for 
a reliable evaluation to draw conclusions about physiological canine 
carpal joint filling or joint effusion. Our injected volumes can be used 
as a guide for further research in canine carpal effusion.

A	 different	 pattern	 of	 contrast	 distribution	 from	 the	 antebra-
chiocarpal joint is described in the cat compared to the dog, the fe-
line antebrachiocarpal joint tends to occur dorsally and distally first, 
with	the	palmar	 joint	cavity	 filling	 last	with	CA	 (Basa	et	al.,	2022). 
CA	filling	of	the	canine	antebrachiocarpal	joint	always	appeared	ini-
tially palmarolaterally pronounced and dorsally thin without dorso-
proximal or dorsodistal tendency, then palmaromedially and thicker 

F I G U R E  11 Overview	of	the	dorsal	and	palmar	carpal	recesses,	
sagittal	CT	arthrogram	image.	Window	(WW = 500;	WL = 2500).	
(III) carpal bone III; (Ir) intermedioradial carpal bone; (McIII) 
metacarpal III; (Tr) trochlea of radius; (1) antebrachiocarpal joint 
space; (2) middle carpal joint space; (3) carpometacarpal joint space; 
(4) dorsoproximal antebrachiocarpal recess; (5) proximolateral 
palmar antebrachiocarpal recess; (6) dorsodistal antebrachiocarpal 
recess; (7) first dorsal middle carpal recess; (8) second palmar 
middle carpal recess; (9) tubular dorsal carpometacarpal extension; 
(10) finely tubular palmar carpometacarpal extension.

F I G U R E  1 2 Overview	of	the	palmar	carpal	recesses,	3D	
VRT	CT	arthrogram	image	in	palmar	view	with	1.0 mL	CA	
filling	in	both	antebrachiocarpal	and	middle	carpal	joint.	For	a	
better understanding, please compare with the isolated filled 
antebrachiocarpal joint from Figure 2.	(A)	accessory	carpal	
bone; (1) proximomedial palmar antebrachiocarpal recess; 
(2–4) proximolateral palmar antebrachiocarpal recesses; 
(5) lateral antebrachiocarpal recess; (6) distolateral palmar 
antebrachiocarpal recess; (7) fourth palmar middle carpal recess; 
(8) palmar carpometacarpal funnel- like extension; (9) first palmar 
middle carpal recess; (10) medial common middle carpal and 
carpometacarpal recess; (11) medial antebrachiocarpal recess.

F I G U R E  1 3 Transverse	CT	arthrogram	image	of	the	dorsal	
intermetacarpal and palmar carpometacarpal extensions, tubular 
(arrowheads) and confluent (arrow), at the level of the proximal 
metacarpal diaphysis. (McI) metacarpal I; (McV) metacarpal V.
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dosally. Disregarding the fact that an artificial joint effusion may not 
have the same distribution as a naturally occurring joint effusion, 
the canine distribution pattern suggested that a low- grade antebra-
chiocarpal joint effusion is clinically and radiographically difficult to 
detect or undetectable. Despite the variance of the recesses and the 
multitude of variable US positions for detection, an US examination 
with palmarolateral and dorsal focus is recommended, especially in 
questionable clinical situation or joint effusion. The sagittal plane is 
preferred, which allowed a better overview, and may enable imaging 
of two or three joint spaces together on one sonogram.

US and CT arthrography with the colour image creation of the 
3D- VRT were reliable methods to identify the artificially injected 
joint	 fillings.	 All	 recesses	 could	 be	 visualized	 ultrasonographically.	
Carpometacarpal were no clear dorsal and palmar recesses, they ap-
peared here as tubular extensions along the metacarpals I–V, which 
could not be visualized distally by US. The maximum distal end rep-
resented the proximal metacarpal diaphysis. The most prominent 
finely tubular extension runned dorsal to metacarpal III. In case of 
injury or an open metacarpal fracture, the anatomical position of the 
carpometacarpal joint with the finely tubular extension on meta-
carpus III should be taken into account with regard to joint involve-
ment. Especially as metacarpal fractures are common in dogs (Muir 
& Norris, 1997), and most fractures affected the body followed by 
the base of metacarpus III (Kornmayer et al., 2014).

The limitations of the present study were, first, the heterogene-
ity and the number of included dogs, which did not permit analyses 
transferable	 to	 the	whole	 canine	population.	Additional	 studies	 are	
necessary to generate this data in specific breeds and sizes to charac-
terize what a veterinarian will observe in a clinical setting. Second, the 
results were obtained by a combination of three imaging techniques 
alone compared with the current literature, histological studies would 
be conceivable. Third, the US examination was performed with one 
US	probe,	a	wide-	band	interoperative	linear	array	transducer.	Further	
examinations with different US probes and lower US frequencies 
would be useful, as a high- frequency transducer is not always avail-
able	in	the	clinical	setting	and	different	equipment	is	used.	Fourth,	the	
technically necessary pressure to be applied for optimal coupling was 
not standardized and may leaded to variable results.

In conclusion, this study provided a complete description of the 
appearance of the canine carpal joint cavities and their recesses. 
In clinically absent or unclear carpal joint effusion, US assists the 
practitioner in deciding to perform an arthrocentesis by visualizing 
the	 joint	 effusion.	 Further	 studies	 about	 ultrasonographic	 charac-
teristics of carpal disorders and the sensitivity and applicability are 
required.

F I G U R E  14 Sagittal	ultrasonographic	image	(b)	of	the	teardrop-	shaped	proximolateral	palmar	antebrachiocarpal	recess,	the	white	oblique	
line	in	the	3D	VRT	CT	arthrogram	image	in	palmar	view	(a)	shows	the	corresponding	transducer	position.	(A)	accessory	carpal	bone;	(Ir)	
intermedioradial carpal bone; (R) radius; (p) proximal; (d) distal; (1) anechoic proximolateral palmar antebrachiocarpal recess; (2) joint capsule; 
(3) synovial- connective tissue interface; (4) antebrachiocarpal joint space; (5) indistinct peripheral hypoechogenic to isoechogenic fine recess 
capsule.

F I G U R E  1 5 Sagittal	ultrasonographic	image	of	the	unfilled	
dorsal antebrachiocarpal recess. (p) proximal; (d) distal; (1) extensor 
carpi radialis brevis muscle; (2) dorsal antebrachiocarpal fat pad; (3) 
groove of extensor carpi radialis; (4) intermedioradial carpal bone.
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